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140 Enckes Coniei— Solar Eclipse . 
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SOLAR ECLIPSE of July 28, 1851. 

Liverpool Observatory. Mr. Hartnup. 

Latitude 53 0 24' 47"’7 N. Longitude o h 12* o 9 *o5 W.* 

“ The observations were made with the 8f-inch equatoreally- 
mounted achromatic refractor. The first impressions which I saw 
on the sum’s disc, were made simultaneously by tWo limar mbiiff- 
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Solar Eclipse of July 28, 1851. 141 

tains at i h 57™ 47 s, 3 Greenwich mean time. The intermediate 
portions of the moon’s border, between these mountains, did not 
come in contact with the sun’s disc till about four seconds later. At 
the conclusion of the eclipse, the appearance resembled two waves 
running towards each other along the sun’s limb and meeting at 
the last point of contact. At the instant of meeting the convexity 
of the sun’s border became perfected, and this instant was seized 
as the termination of the eclipse. It took place at 4 h n m i3 s *2 
Greenwich mean time. It was my intention to have observed the 
eclipse in accordance with the systematic directions drawn up and 
circulated by the Astronomer Royal, but the intervention of clouds 
prevented this being done to any great extent. The following are 
all the observations that could be obtained 

Liverpool Sid. Time. Instrumental N.P.D. Phenomena observed. 
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“ I was assisted in the preceding observations by Mr.Towson, the 
scientific examiner of masters and mates of ships in the merchant 
service for the port of Liverpool. Mr. Towson took charge of the 
upper microscope, while I made the bisection, noted the time, and 
read the lower microscope. 
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142 Mr. Hind, on the supposed Period 

“ At the time of greatest obscuration, the sun was nearly obscured 
by a sheet of cirro-stratus cloud ; the whole heavens presented a 
dull, sombre appearance, and two or three gentlemen present com¬ 
plained of chilliness, although the thermometer in the shade was as 
high as 68°, and only i°*5 lower than at the commencement of the 
eclipse.” 


Whitehaven . By Mr. J. F. Miller. 

The greatest phase occurred at 3 h 3™ Greenwich M.T., when 
about o*86 of the sun’s disc was covered. The moon’s edge, on 
the whole, was well defined, though somewhat serrated towards the 
sun’s lower cusp. The sun’s surface was unusually free from 
macules. 


July 28 
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o 
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65 


Clouds affected the subsequent observations. 


On the supposed Period of Revolution of the Great Comet of 1680. 

By Mr. Hind. 

Of the many hundred comets recorded in history, that which 
has attained the highest celebrity is the famous body which became 
visible in Europe towards the end of the year 1680. Independently 
of its vast magnitude and brilliancy, its train of 90° and its nucleus 
“ glowing like burning coals,” it is remarkable as having attracted 
the attention of the great Newton to the subject of comets, the 
result of which was the discovery of the true theory of these bodies 
so zealously applied in practice by Halley. But there is one other 
point connected with the history of this comet which has excited 
great interest, I allude to the view taken by Halley, and subse¬ 
quently by Newton himself, with regard to the time of revolution 
and the identity of the comet with several others of considerable 
magnitude mentioned in history. 

In the Synopsis of Cometary Astronomy , published by Halley, 
we have a statement of the grounds upon which he considered 
himself justified in announcing the periodicity of the comet, which 
depend entirely on historical details. He remarked, if any argu¬ 
ment could be drawn “ from equality of periods and similar phe¬ 
nomena, that wonderful comet which appeared in the year 1680 
was one and the same with that of 1106, when Henry I. was King 
of England : it first emerged out of the sun’s rays on Friday, 
February 16, in the evening, and was seen for a long time after¬ 
wards every evening. The star which seemed little and obscure 
appeared in the south-east. But the ray which proceeded from it 
was very clear and large, shining towards the N.W., as we have it 
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of Revolution of the Great Comet of 1680. re¬ 

recorded in the Saxon Chronicle by one who seems to have been 
an eye-witness.” This description, says Halley, agrees very well 
with that of the comet of 1680, both in respect to the length of its 
tail and also its situation in regard to the sun. He then draws 
attention to another comet which was seen during the consulate of 
Lampadius and Orestes, in 531, in the reign of the Emperor 
Justinian, and is thus recorded by Malala, the author of the 
Chronicle of Antioch , “A great and fearful star appeared in the 
west, emitting a white beam upwards, which, as it appeared like 
the flashes of lightning, some called it Lampadian ; it was seen for 
twenty days.” Malala does not mention the time of the year this 
happened; and it is evident that Halley had no knowledge of other 
descriptions, particularly that of Theophanes, who tells us the 
comet was seen in September. 

Again, it was remarked by Halley, that if we reckon backward 
another period of 575 years, we shall come to the 44th year before 
the Christian era, when, soon after the death of Julius Csesar, a 
very remarkable comet appeared, mentioned by almost all the his¬ 
torians of those times, and by Pliny in the second book of his 
Natural History , where we have the words of Augustus Ceesar 
himself concerning it: “In the very days of my games, a hairy 
star was seen for seven days, in that part of the heavens which is 
under the Septentriones ; it arose about the eleventh hour of the 
day, and was clearly to be seen all over the world.” The games 
here alluded to were dedicated to Venus, and commenced on the 
23d of September, the birth-day of Augustus Ceesar. Halley un¬ 
derstands by “ the Septentriones,” the seven bright stars of Ursa 
Major , popularly termed “ Charles Wain and instead of the 
eleventh hour of the day, he substitutes the same hour of the night, 
or about four o’clock in the morning at Rome : then, he considers 
that the description of Augustus is fully represented by the ele¬ 
ments of the grand comet of 1680, supposing it to have been in 
perihelion about the 18th of September. 

Thus far Halley endeavoured to trace the history of the comet 
in past times, and so well convinced he appears to have been of 
the accuracy of his conclusions, that he gave, at the expense of a 
great amount of time and labour, a table to facilitate the calcula¬ 
tions relative to a comet revolving round the sun in 575 years. 

But some writers have attempted to trace the comet into more 
remote antiquity. Adopting the periodic time assumed by Halley, 
they consider it must have appeared about 618 years before the 
Christian era, and refer to that epoch the comet mentioned in the 
Oracles of the Sybil , and even imagine that the prophet Jeremiah, 
in his first vision about this time, may have beheld the same body, 
which was to be a sign of forthcoming events. Reckoning back¬ 
ward another period of 575 years, they are able to bring in the lost 
Pleiad, Electra, who, being unable to view the sight of the de-? 
struction of Troy (b.c. 1194), abandoned the company of her 
sisters and retired towards the north pole of the world, where she 
appeared a long time in tears and dishevelled hair. This fable our 
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144 Mr. Hind, on the supposed Period 

authors think may have had its origin in the appearance of a great 
comet, which moved from the Pleiades to the north pole,— a track 
perfectly accordant, they say, with that of the comet of 1680, 
under certain conditions. And further, the words of Varro, in 
relation to the planet Venus, which is stated to have changed its 
colour, figure, and pa'h, about the time of the Deluge of Ogyges, 
are referred to a comet, which is found to accommodate itself to 
that of 1680, as regards the year of appearance (about b.c. 1770), 
and great brilliancy. The fanciful notions of Whiston relative to 
this comet, its agency in causing the universal deluge and final 
destruction of the earth, are too well known to require mention 
here. 

My object in the present remarks is to show that neither history 
nor calculation will support the presumed periodicity of the comet 
of 1680, and had Halley been in possession of the various accounts 
of the ancient comets which have been collected together since his 
time, it is tolerably certain that he would never have started his 
hypothesis. His conclusions were perfectly justifiable on such data 
as he possessed; and it is necessary to say thus much that my 
reasons for offering these observations may not be misunderstood. 

The descriptions which are left us of the comet observed in the 
time of Augustus Caesar and in the reign of Justinian are so vague 
that they may be satisfied by twenty different orbits, and hence no 
trustworthy conclusions can be obtained from them alone. The 
account of the comet of 1106 is much more definite, though still 
far from perfect; and it is to this year that we must have recourse, 
to test the Halleian period of the great comet of 1680. If the 
positions of 1106 are found irreconcileable with the elements of 
this body, the main foundation upon which the period rests will be 
destroyed; and as no other large comet is mentioned about that 
year, we shall be compelled to-admit that history is hardly con¬ 
firmatory of the revolution assigned by Halley and Newton. And 
our doubts on this point will be still further increased if there 
should exist any difficulty in reconciling the vague relations of 531 
and b.c. 44 with the orbit of the comet of 1680. 

Nearly a century ago, Mr. Dunthorne communicated to the 
Royal Society an extract from a Latin manuscript then preserved 
in the Library of Pembroke Hall College, Cambridge, relative to 
the comet of 1106, which is the first on Halley’s list. It is there 
stated that the comet was seen at. the beginning of the sign Pisces , 
the tail extending to the beginning of Gemini , on the last night of 
June (or, as Mr. Dunthorne reads, Jumedi ), in the year of the 
Hegira 499, on a Wednesday. It followed the order of the signs 
until it arrived at the commencement of Cancer. In justification 
of the correction which Mr. Dunthorne has applied to the date, he 
remarks that the last day of June fell on Saturday in 1106 ; but 
the last day of the Arabic month Jumedi , J. occurred on a Wed¬ 
nesday, the day stated in the manuscript. Supposing the comet of 
1680 to have reached its perihelion on February 4, “ for it must 
have been seen two or three days after it had passed that point/' 
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Mr. Dunthorne computed some places of the comet, and thought 
the comparison of them with the manuscript account must lessen, 
if not quite overbalance, the probability of the identity of this 
comet with that of 1680. 

It is one characteristic of the elements of the latter body that 
in less than five minutes after its perihelion passage the latitude 
becomes north , and must remain so until about 25 days before 
another perihelion is passed; consequently, the latitude is a most 
important test of the identity of this comet with any other recorded 
in history ; and it is from a contradiction in this respect that I 
think the strongest evidence against Halley’s supposition is ad¬ 
duced. It will tend to facilitate a clear understanding of the case 
if the principal circumstances related of the comet of 1106 are 
collected here. 

On the 4th of February in that year, or, according to others, on 
the 5th, a star or comet was visible in full daylight, from the third 
until the tenth hour of the day, and was distant from the sun only 
“ one foot and a half,” as historians express it. Matthew Paris 
and Matthew of Westminster are particular in terming this object a 
comet , though it is called a star in the Belgian Chronicle, and by 
several French authorities. 

On the 7th of the same month a comet was discovered in Pa¬ 
lestine at the commencement of the sign Pisces; it was seen in that 
part of the heavens where the sun sets in winter ( i.e . about the 
W. S.W. point of the compass), the tail extended to the beginning 
of Gemini, below the constellation Orion . The latitude at this 
time was, therefore, undoubtedly south , or the train could not have 
had this direction. The fact itself is mentioned by two historians. 
On the 10th, the Chinese saw the comet at the end of the sign 
Pisces with a tail 6o° long. About the 16th or 18th of February 
it was more generally observed. It had passed from the southern 
to the western part of the heavens, and was full west soon after 
sunset. After some time, it appeared between the west and north 
with a tail extending towards the north-east, and was visible until 
midnight. For twenty-five days it shone in the same manner at 
the same hour, and seemed to have no other movement but that of 
the sun, which gives it a real motion from west to east. The 
Chinese saw it traverse the constellations, or rather sidereal divi¬ 
sions Kouei (commencing at £ Andromedce), Leou (at & Arietis), 
Mao (at n Tauri ), and Pi (at 2 of the same constellation); in other 
words, it passed from the end of Pisces to the end of Taurus 
before it was lost to view. Historians differ as to the time it re¬ 
mained visible, some assigning a duration of little more than a 
fortnight, while others, and by far the greater number, extend the 
period of observation to 40, 46, or 50 days, until it was seen with 
difficulty (with the naked eye). 

Now, to bring the comet to the end of the sign Pisces , On 
February 10, as it was observed in China, we must fix the peri¬ 
helion passage with the elements of 1680 on the 4th of the same 
month ; but here we meet with a difficulty which in my idea is 
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sufficiently conclusive against the identity of the comets of 1680 
and 1106. On the 7th, when it was observed in Palestine, the tail 
was observed to extend below Orion , the head appeared in the 
W.S.W., and the latitude, as already remarked, must have been 
south , but the comet of 1680 cannot have a south latitude at this 
interval after the perihelion passage. Again, we meet with another 
objection in a circumstance mentioned by an anonymous author 
quoted by Struyck, who says the comet advanced to the beginning 
of Cancer, which will not agree with the path calculated from the 
elements of 1680. These facts argue strongly against the identity 
of the comets, especially the difference of latitude, — an insur¬ 
mountable objection. To reject the testimony of ancient historians 
for the sake of maintaining a preconceived notion on this point, 
would surely be unjustifiable, particularly when all the observations 
we possess may be faithfully represented by an orbit, though widely 
different in its elements from those of the comet of 1680. After 
the experience we have had in the case of the great comet in 
March 1843, it cannot be doubted that the “ star” seen so close to 
the sun on the 4th of February, 1106, was really the comet which 
became conspicuous in Palestine on the 7th of the same month. 
Pingre, it is true, expresses doubts on this point, but at the time 
he wrote the visibility of the comet of 1106, only a few degrees 
from the sun’s limb, was without a parallel in the history of co^ 
metary astronomy. The grand comet of 1843 was discovered in 
full daylight and less than three degrees distant from the sun, on 
the day of perihelion, in Italy, in America, at the Cape of Good 
Hope, and other stations. 

Let us now examine the few particulars which have reached us 
us respecting the comet mentioned by the historian Malala, a.d. 530 
or 531, which Halley considered also identical with that of 1680, I 
say 530 or 531, for the fact is, there exists some doubt as to the 
year the comet was observed. Cedrenus places it in the fourth 
year of Justinian which appears to be 530, while Zonaras in his 
Annals defers it until the fifth year of Justinian, therefore till 531. 
The comet mentioned by the European historians was visible in the 
evenings in September in the western heavens, the tail extending 
upwards towards the zenith, in which case it could not have been 
that of 1680, which can only be observed in the mornings during 
the autumn. Father de Mailla tells us that the Chinese observed 
a comet in the 9th moon of the 47th year, 54th cycle, or in Oc¬ 
tober 530, adding, that it was observed from Arcturus to A and 
p TJrsce Majons (from Takio to Tchong-tai ), a remark which may 
either refer to the direction of motion of the head or to the direction 
of the tail. This last I consider most probable, as we meet with 
other instances of a similar kind in the Chinese accounts of comets. 
In a paper upon the past history of Halley’s comet, presented to 
this Society in January 1850 ,1 have shown that the Chinese comet of 
October 530 might, very probably, have been Halley’s, if De Madia’s 
remark refer to the tail ; this author was no great astronomer, and 
his descriptions are frequently much confused from want of a proper 
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understanding of the difference between the Chinese asterisms and 
sidereal divisions. Pingre, in his Cometography , distinguishes the 
European comet of 531 from the Chinese comet of 530, adding that 
the relation of De Maiila will not agree with the account furnished 
by Theophanes and other Europeans, though it accords well with the 
theory of the comet of 1680. supposing it to refer to the movement 
of the head; and hence he thinks the Chinese and European comets 
were different bodies, and that the former may have been identical 
with the great comet of 1680. I confess I do not see this in the 
same light. It appears more natural to conclude that the same 
body was observed in Europe and Asia, an error of a year being 
admitted in one relation, probably in the Chinese ; and I think 
Pingre’s objection to this inference may be overcome by allowing 
the various particulars to refer to different dates, the Chinese ob¬ 
serving the comet when it was, perhaps, not very favourably situ¬ 
ated for Europeans. It is useless, however, to reason upon such 
vague accounts, and I shall merely add that orbits entirely different 
from each other will agree equally well with the few particulars that 
have descended to us respecting the comet of Malala. 

The comet of Augustus Caesar is liable to equal uncertainty. 
In the same year, but in June instead of September, the Chinese 
observed a comet in the north-west, with the same right ascension 
as the constellation Orion; and it is certain if this be the object 
mentioned by Augustus Caesar, it could not have been the comet 
of 1680. But there is a probability in favour of the appearance of 
two comets in b.c. 43, the first being that of the Chinese historians, 
and the second the comet of Augustus and the “ unknown star” 
of Dion Cassius, which shone for a long period. Now, the only 
one which affords the slightest indication of identity with the comet 
of 1680 is that of Augustus, and in order to make this identity 
plausible, M. Pingr6 has suggested several alterations or different 
interpretations of the original for which it is not easy to admit the 
necessity. His discussion will be found in the second volume of 
the Cometography , p. 138, but after all this able astronomer re¬ 
marks that the circumstances, thus revised or altered, would accord 
as well with the elements of a great number of other comets, as 
well as with those of the comet of 1680. Even supposing, there¬ 
fore, that it is possible to reconcile the description of Augustus 
Caesar, under the original interpretation, with the orbit of that 
comet, it affords but very doubtful evidence in favour of identity, 
since a dozen other comets might have been viewed under the same 
circumstances* Dion Cassius particularly mentions that the “ un¬ 
known star” was visible a long time, and on this account it seems 
not unlikely that it may have been the same as Caesar’s comet, and 
the comet of the Chinese; in which case its identity with the comet 
of 1680 is out of the question. 

Thus far then we have the testimony of history. But as I have 
already remarked, calculation is against the truth of the Halleian 
period of the comet, that is, the discussion of the observations 
taken in the years 1680 and 1681 leads to results which cannot 
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be reconciled with it. In the Zeitschrift fur Astronomie for 1818 
is a remarkable memoir upon the comet of 1680, published without 
name, under the motto 44 Et voluisse sat est y ” but due to Professor 
Encke, then of the Seeberg Observatory, and now the well-known 
astronomer of Berlin. It is impossible to speak in too high terms of 
the execution of this elaborate paper, which contains an accurate re¬ 
duction of all the observations, and a rigorous computation of the 
most probable elements of the comet's orbit, in which the author 
has availed himself of all the appliances of modern science. Before 
stating the conclusions arrived at in this memoir, it will be desirable 
to give a brief recapitulation of the circumstances connected with 
the apparition of the wonderful comet of 1680. 

Godfrey Kirch, of Coburg, in Saxony, was the first discoverer 
of this body, which he met with on the morning of the 13th of 
November, as he was about to observe the moon and planet Mars, 
There were several small stars in the field of the telescope with the 
comet, and he determined its position by estimation with respect to 
them. The observation is a very fair one, the stars of reference 
were all situate within a space of little more than a degree, and 
their places are found in the Histoire Celeste of Lalande. Encke 
considers that the resulting position of the comet is uncertain to 
the amount of 90 seconds of arc only ; and any one who will take 
the trouble to lay down the places of the comet and stars upon 
paper, and then read over the observations of Kirch as detailed in 
the Philosophical Transactions , vol. xxix., must, I think, readily 
admit that this is as large an error as a careful observer would be 
likely to make. It is necessary to be satisfied upon this point, 
because the first observation by Kirch has an all-important bearing 
upon the determination of the true form of the comet’s orbit. Ob¬ 
servations were taken by the same astronomer on the mornings of 
the 16th and 21st of November, but they are too rough to be of 
service. The same remark applies to nearly all the observations 
taken elsewhere before the perihelion, including those of Ponthaus, 
Cellius, Gallet, Montenarus, &c. The comet was detected by 
Flamsteed, at Greenwich, on the 22d of December, and was ob¬ 
served by him fourteen times between that date and the 13th of 
February. Cassini observed it on eight evenings during the three 
weeks following the 29th of December. The latest positions were 
obtained with great care by the illustrious Newton between the 7th 
and 19th of March. In addition to the observations of Kirch, 
Flamsteed, Cassini, and Newton, which possess a considerable 
degree of accuracy, a great number of others were taken in 1681, 
in various parts of Europe and America ; but with few exceptions 
they are extremely rough and of no service in the investigation of 
the elements. 

In the memoir to which I have alluded. Professor Encke first 
deduces an approximate set of elements from five observations re¬ 
duced by Halley, including the first by Kirch, three by Flamsteed, 
and the latest by Newton on March 19. He then rigorously re¬ 
duces the whole series of positions by Flamsteed, Newton, and 
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Cassini, and determines the effect of planetary perturbations upon 
the geocentric places of the comet, having regard to the influence 
of Mercury , Venus , the Earthy Mars, Jupiter , Saturn , and Uranus . 
It is found that at no time during the visibility of the comet was 
its apparent position affected by perturbation to the amount of one 
second of arc. The next step is to deduce equations of condition 
for small variations of each element for the whole series of observ¬ 
ations, including the early one by Kirch, and these equations are 
finally solved by the method of least squares. The result shows 
that the most probable period of revolution is 8814 Julian years, 
but that the observations may be represented within their probable 
errors by elements in which the extremes for the time of revolution 
are 6179 and 14,031 years, that is, it cannot be less than the 
former nor more than the latter. 

The next step in the investigation is to ascertain how an ellipse 
with the Halleian period of 575 years would increase the errors; 
and for this purpose the equations are again solved, and the fol¬ 
lowing important conclusions are obtained, The sum of the squares 
of the errors is four times as great as in the former solution, and 
the first observation by Kirch, which here becomes the experi- 
mentum crucis , cannot be represented within 10 minutes of arc, 
though i‘\ is a fair allowance for its possible uncertainty ; an error 
of 1 o' is out of the question. Here then we have the results of 
calculation decidedly opposed to the Halleian period of revolution. 

Professor Encke next finds the most probable parabola, which 
agrees very well with tiie observations, and after computing the 
elements on the hypothesis of hyperbolic motion, though without a 
satisfactory result, the errors being as large as with Halley’s period, 
he proceeds to determine the most likely orbit and its probable 
limits, from the observations of Flamsteed and Newton only; he 
finds that the time of revolution which best satisfies the whole is 
3164 years, but that these positions may be represented within 
their probable errors by orbits in which the period may be any 
length of time greater than 805 years. But when we come to 
compare the elements with Kirch’s first observation, the agreement 
is not so good as in the former case, where all the equations were 
solved together. Professor Encke arrives at the conclusion that it 
is impossible to assign by calculation the exact period of revolution 
of this famous comet; but, he remarks, there is the highest pro¬ 
bability against its being less than 2000 years. The most legiti¬ 
mate assumption which the researches of this great astronomer 
enable us to make, is that the revolution of the comet is accom¬ 
plished in a period somewhere between 6000 and 14,000 years. 

It is worthy of remark that in the case of a comet with a revo¬ 
lution of many centuries, it is very improbable that several succes¬ 
sive periods between the perihelion passages should be equal within 
one or two years. It is almost certain that in an orbit so excen- 
tric as that of the comet of 1680, planetary perturbations would 
greatly alter the successive periods; for, as Encke shows, notwith¬ 
standing the small effect of these disturbances upon the geocentric 
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place, their influence upon the major axis is very considerable, 
owing to the enormous exeentricity and the smallness of the para¬ 
meter* Even in the three months following the perihelion passage 
of the comet of 1680, its period, supposing it to have been 575 
years at this epoch, would have increased by nearly five years, and 
in a whole revolution the difference might be vastly greater. 

I think any person who impartially reviews the evidence of 
history and calculation, which is here collected together, must be 
led to the conclusion that the Haileian period of the great comet of 
1680 cannot be admitted. 1 have been the more anxious to sub¬ 
mit these observations to the Society, inasmuch as, s far as I am 
aware, the particulars are not at present to be found in any English 
work, and it seldom happens that an elementary treatise on astro¬ 
nomy issues from the press without a repetition of the old story 
respecting this comet, which is frequently given in the most positive 
terms, and arguments founded upon it which can have no preten¬ 
sions to accuracy or even plausibility. It is no compliment to 
either Halley or Newton to suppose that if the historical and other 
evidence now in our possession had been before them, they would 
have started the hypothesis of a periodic revolution of the comet of 
1680 in 575 years. 


On a Method of converting the Motion of a Pendulum-clock into 
an equable Motion of Rotation. By Mr. R. L. Jones, F.R.A.S. 

I have for some time been endeavouring to make a cheap and 
accurate, clock for moving an equatoreal telescope, and I think I 
have perfectly succeeded. 

The principle proposed was that of governing the time by an 
ordinary pendulum, and equalising the motion by a fly-wheel. A 
spring has been used for this purpose by others, but I am not 
aware that it has been applied in a manner similar to mine. 

The power is obtained by a weight suspended by a catgut cord, 
a little thicker than that of a common clock, and which is wound 
on a barrel 3- inches diameter. Attached to this barrel is a 
toothed wheel, with which another wheel works that is keyed on 
the axis of the tangent-screw; this carries the telescope in the or¬ 
dinary way. 

The barrel turns four times in the hour, and requires winding 
once in three hours, but might be made to go considerably longer 
without difficulty. From the wheel attached to this barrel there is 
a series of wheels and pinions to gain speed, and the last pinion re¬ 
volves once in a second ; the fly-wheel, which is very light, but 
12 inches diameter, is keyed to the axis of this pinion. On the 
same axis is a tangent-screw, which, by means of a slot, and a pin 
through the axis, is free to slide along the axis, but must turn with 
it. The tangent-screw turns a wheel with thirty teeth, giving it one 
revolution in 30 seconds; On the same axis with the last-named 
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wheel, is an escape-wdieel of thirty teeth, which works the escape¬ 
ment, and a pendulum of the length to beat half-seconds. 

The parts last described require a sketch. 



a The last pinion of the series. 
b Its axis. 

c A portion of the fly-wheel. 
d The tangent-screw. 
f The slot and pin. 

g The wheel on the same axis as the escape-wheel. 
h A spiral spring of thin brass wire. 

When the motion of the wheel g is suspended by the escape¬ 
ment, the continued motion of the fly-wheel and axis forces the 
tangent-screw to the right, compressing the spring. When the 
wheel is unlocked, the spring returns the tangent-screw to its 
former place and moves the wheel g one tooth. 

It is evident the only irregularity in the motion of the fly-wheel 
arises from its having once in each revolution to compress the 
spring; but for the purpose of keeping the pendulum in motion the 
spring is required to exert a very small recoil force, and it is com¬ 
pressed to an extent equal only to the breadth of one tooth of the 
wheel gt the effect of this cannot be noticed. 

Any tendency in the fly-wheel to increase its speed beyond 
what is needful to move one tooth of the wheel (g) in each revo¬ 
lution, is controlled by its increased pressure on the spiral spring. 

The weight required to work the clock and the telescope is 
16 pounds; the telescope is 6 feet focus with a clear aperture of 
4 inches. From a number of experiments I should say the power 
is divided as follows:— 

lbs. 


To carry the telescope... 1 

Pendulum .. 2 

Fly-wheel. 11 

Friction . 2 


When the telescope is tolerably poised, the power to drive it is 
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152 Mr. Lassell , Observations of the Satellites of Uranus. 

so small a portion of the whole, that a little inequality in the poise 
or a moderate wind has no sensible disturbing effect. The clock 
will gain or lose a little as the power alters the arc of vibration of 
the pendulum ; but this will not be much, and may, perhaps, be 
sufficiently compensated by adopting a scapement between the 
recoil and dead beat.* 


Observations of the Satellites of Uranus, made with the 20-feet 
Equatoreal . By Mr. Lassell. 

“ In the first column of positions, the angles are given with re¬ 
ference to the parallel of declination, from the north point round by 
east; and, in the adjacent column, the positions are approximately 
reduced to the angles on the apparent orbits, reckoned from the 
ascending node round by north in the direction of the motions of 
the satellites. 

“ The proportion of the transverse axis to the conjugate, as the 
orbits are at present projected, is nearly as 8 to 6, and the inclination 
to the ecliptic is about 82°|- s. p. and n. f. 

“ In every instance the positions and distances of (1) and (2) are 
the results of estimations ,— generally from the measured positions 
and distances of the two bright satellites. And the first two satel¬ 
lites discovered by Sir Wm. Herschel in 1787, usually termed 
“ the 2d and 4th/’ or “ the bright satellites,” are here designated 
by the Roman numerals III and IV. 


Green. M.T. 

Paral 1 . 

(*o 

Positions. 

Orbit. Dist. 

(*.) 

Positions. 
Paral 1 . Orbit. 

Dist. 

III. 

Positions. 
Paral 1 . Dist. 

IV. 

Positions. 
Paral 1 . Dist. 

1351. 

0 

0 // 

0 0 

// 

0 / 

a 

0 

/ 

a 

Oct. 24*4375 

163 

275 ... 

354 77 

... 

168 26 

30*83 

156 

11 

39*92 

28*5 

325 

115 ... 

35 ° 84 

... 

358 0 

29*92 

33 

0 

... 

3 °’ 479 I 

35 

30 10 

169 268 

... 

268 9 

23*28 

35 ° 

23 

40*99 

Nov. 2*5 

32° 

121 12 

273 163 

13*8 

160 43 

28'9i 

272 47 

2 9’39 

12*4375 

332 

106 

131 311 

... 

112 34 

... 

5 

0 

... 

37*4375 

337 

IOI 

47 19 

... 

2 57 34 

24*09 

220 

12 

34*63 

i8*5 

186 

242 

316 126 

... 

202 0 

... 

i 9 j 

6 

36*83 

21*4889 

123 

318 ... 

63 7 

... 

91 7 

21*38 

131 

57 

34*29 

22*4833 

332 

106 

329 111 

... 

38 5 ° 

26*03 

IOI 

3 ^ 

... 

27*4798 

345 

91 

not seen 


i 94 25 

i8*6i 

325 

3 i 

38*12 

Dec. 11*3750 

T 5 ° 

29I 

not seen 


340 0 

... 

3°4 

0 

... 

164132 

160 

280 13*5 

70 0 

14 

147 0 

... 

172 

19 

... 

22*3541 

... 

. 

. 

... 

248 26 

... 

10 

2 

39*46 


Observations and Remarks. 

Oct. 24. Sky pretty favourable ; the new satellites (1) and (2) seen certainly 
for the first time. 

* In extreme cases, the pendulum might be suspended from a string between 
cycloidal cheeks, as in Huyghens’ clocks. 
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